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THE SKELETAL ANATOMY O F  AMPHIUMA DUR- 
ING ITS E A R L I E R  STAGES. 
BY 0. P. HAS. 
IN the  Americaiz NnturaZist, Vol. XXII (1888), p. 315, the 
writer has published an account of the finding of the eggs of 
Amphizma, and accompanied it with a short description of the 
anatomy of the embryos contained in those eggs. In  the 
present paper it is proposed to enter somewhat more into details 
in describing the structure of the skeleton of the young Ai&G 
iimn and to  illustrate the descriptions by drawings. 
As  stated in the communication referred to, these eggs were 
found in a cypress swamp at Little Rock, Ark., on Sept. I ,  
1857. They had been deposited in a small excavation under 
an old log, which was lying at  a distance of some rods from the 
nearest water; and were being cared for by the mother, who 
was lying coiled up around then .  The  mass of eggs was about 
as large as one’s fist, and, bciiig connectccl in strings, they 
greatly resembled a mass of largc beads. When the eggs were 
put into alcohol, the young were seen to move about within the 
eggs. 
The  egg-strings were so entangled that it was found to be ini- 
possible to separate them, for the purpose of determining the 
number of strings and of eggs. However, since there were four 
ends visible, it is supposed that there were two strings, one for 
each oviduct. The  number of eggs is estimated to be at  least 
one hundred and fifty. They are globular in form, and have an  
average diameter of 9 mm. (See Fig. I.) They are separated by 
from 5 to  IZ mni. of string. Fourteen eggs were counted on a 
piece of string 225 mni. in length. Each egg, in the condition 
in which they wcrc discovered, consists of the contained larva 
and an external capsule. This latter is of a condensed gelati- 
nous material, thin as paper, becoming brittle in strong alcohol, 
but swelling somewhat in wcalter alcohol and in water. The  
connecting cords are of thc same materials, and have a diameter 
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of from 1.5 mm. to one-half that size. The  capsules are almost en- 
tirely filled up by the young amphiumes ; but in their fresh state 
they probably contained also some water. The  young are coiled 
within the eggs in various positions, so as to form about three 
turns of a spiral. On being taken from the eggs and extended, 
they are about 45 mm. in length (Fig. 2). So far as  I have 
been able to discover, they are all a t  the sanic stage of develop- 
ment. The color abovc is dusky, with a slightly darker dorsal 
streak and a similar lateral band. I n  
the alcoholic specimens the belly appears yellow on account of 
the great amount of yolk that is contained within it. 
In form and proportions the young amphiume is stouter than 
the adult, and the head is broader and more depressed, and the 
snout more rounded. The head, therefore, resembles more 
nearly that of the typical Urodeles than does that of the adult. 
The  eyes also are more conspicuous than are those of the more 
mature animals, and would doubtless, for some time after hatch- 
ing, be of more service. The  fore and the hinder limbs are 
present, but are diminutive in size. On the anterior limb, 
three toes are indicated; the hinder limbs give little evidence 
of separation into digits. The  tail differs from that of the 
adult, inasmuch as it has on both its upper and lower edges a 
distinct membraneous fin. 
The  larvze possess conspicuous gills; and since they are 
evidently near the period of hatching, it becomes quite probable 
that these gills will be retained for some time after the young 
have betaken themselves to the water, their native element. 
The gills consist of three pairs, and are of the simply pinnate 
form. The  second gill is the longest, measuring about g mni. 
in length, and gives off from the main stem ten delicate twigs. 
Only once have I observed any of these lateral filaments to 
divide. The  first and third gills are somewhat shorter, and 
have about eight lateral branches each. I n  all the main stems 
and the lateral twigs may be seen arteries and veins filled with 
the coagulated blood. Three gill-slits are still open, the first 
and second of which become closed in the adult. 
We‘cannot but be struck by the close reseniblance that exists 
between the breeding habits of the Ain#/liiann and those of 
Epicrizrin gZuti~~oszrnt of Ceylon, as these are presented to LIS 
by Messrs. 1’. 13. and C. I?. Sarasin in the “Ayb&vz azts dent 
Below, the color is pale. 
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According to these observers, the female of Epicrizcm excavates 
a cavity in the earth a little below the surface, and there de- 
posits a mass of eggs, which are connected by means of an 
albuminous cord, and thus resemble a string of pearls. These 
eggs, when found in the oviduct, are of an oval form, about 
9 mm. through the longer axis and 6 nim. through the shorter ; 
but, when found in the earth, they were about twice as large, 
having probably during their development absorbed considerable 
water. Unlike A?n$hiuwz, the eggs seem to have something 
of a regular arrangement in the mass, the connecting strings 
being bent in toward the centre of the mass and cohering there 
into a viscous knot. Around this mass of eggs the female lies 
coiled, and gives them protection. The  embryos at  the stage 
described were 4 cni. long, and moved actively about. On 
each side of the neck were three plunie-like gills, the longest of 
which was about z cm. The  eyes were relatively large and 
distinct ; while the tail was surrounded by a strongly developed 
fin-membrane. These eel-like young must greatly resembIe 
those of Amphiuma. Other larvae of Epicvizm were found 
by the Messrs. Sasasin swimming in the neighboring brooks. 
These are without gills, possessed yet gill-clefts and a caudal 
fin, and are said to  attain a length of perhaps 16 cm. At 
length their transformation is completed, and they leave the 
water. These facts bearing on the mode of embryonic develop- 
ment and others derived from anatomical structure have made 
it evident to the writers named above, as well as to others, that 
the Cmcilians must be arranged very closely to the Urodela, if 
not consigned to  the same order. The  habits of oviposition 
and incubation and the course of development which have 
now come to light as characterizing Am@tma, must tend to  
strengthen this opinion.’ 
It is not yet known how the young amphiumes get to the 
water after they have been excluded from the eggs. Consider- 
ing the nature of the ground where the eggs were found, it 
would appear impossible for them to travel any considerable 
distance. It might well be, however, that, like many other 
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* Dr. C. 0. Whitman kindly sends me the interesting information that the Giant 
Salamander of Japan (nZ~~r~zloButi-arhzu I ~ ~ Q X Z N L U S )  lays its eggs in a string exactly 
like that of An~pfirizimn, and the eggs are of about the same size. 
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Amphibia, their development would be retarded until some fortu- 
nate day when a heavy rain would make it possible for them to 
reach permanent water. 
I now proceed to describe the structure of the larval Amfhiuma 
as disclosed by the contents of the eggs under consideration. 
In  my attempts to  unravel this structure, I have depended 
partly on dissections made by means of lens and needle, but 
mostly on stained sections cut and mounted serially. 
I. THE SKULL. 
In Fig. 3 we have a view of the cartilaginous cranium seen 
from above, and in Fig. 4 a view of the same from the side. 
What will probably first strike the attention of the observer 
is the existence, in the basilar region, of two fontanelles in the 
cartilage, one on each side of the middle line. They are of an 
elongated oval form, and are of such size that they leave only 
a narrow strip of cartilage between them, and a similar ledge 
along the inner and lower border of each otic capsule. Both 
before and behind these fontanelles, the cartilage passes from 
one side of the skull to the othcr. This portion of the primitive 
skull is worthy of comparison with the adult skulls of Nktzmis 
and Sireiz. In  Ncct~rzis the trabeculze cranii are not connected 
by cartilage behind the pituitary region, and have but a narrow 
band connecting them in the exoccipital region ; so that there 
is no cartilage in the floor of the brain-case behind the ethmoidal 
region until immediately in front of the forainen magnum. I n  
Siren there exists, opposite the middle of the otic region, a 
band of cartilage that passes from side to side. Behind this, 
there is in the middle line a single fontanelle ; and this is limited 
behind by the cartilage of the basioccipital region. The  anterior 
ends of the two fontanelles of A71~hitn~zn come much further 
forward than does the single one of Sircn. 
In  the narrow strip of cartilage between the two basal fonta- 
nelles is seen the anterior end of the notochord extending well 
forward toward the pituitary space. 
In  the exoccipital region the condyles project prominently 
backward, after the manner of those of the adult. The  deep 
notch between them is occupied by the tooth-like process of the 
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atlas. On each side, at  the base of the oondyles, are the fo- 
ramina for the vagus and the glossopharyngeal nerves. T h e  
occipital condyles are invested with a thin ectostosis, which 
continues as far forward as the foramina mentioned. This is 
the only cartilage-bone that is found in the skull, except that in 
the hyobranchial apparatus, soon to be described. 
In the supraoccipital region, there is a narrow strip of carti- 
lage which arises from the posterior end of the otic capsule, and 
extends inward toward the middle line, but it lacks much of 
reaching the corresponding cartilage of the other side. Along 
its upper surface, therefore, the brain, from one end to the 
other, has no other protection than that of the integument. 
The  otic capsules are large, well-developed, and of a long- 
ovoidal form. They occupy about one-third of the total length 
of the cartilaginous skull. The  upper surface is somewhat flat- 
tened, and slopes outward and downward. Anteriorly they pass 
by a narrow band of cartilage into the upper edge of the tra- 
beculae in front of the foramina for the fifth pair of nerves. 
Behind, each capsule is rounded, and in the angle between it 
and the projecting condyle, is found the vagus ganglion. The 
membraneous canals are well-developed, and may be seen through 
the walls of the capsule. They are enclosed within correspond- 
ing cartilaginous canals. On the outer wall of the capsule is 
found the large fenestra ovalis. I t  is partially occupied by the 
cartilaginous stapes, as shown in Fig. 4. All round this stapes 
is a tract of membrane, except anteriorly, where it is articulated 
to the otic wall. This stapedial cartilage is confluent with the 
hinder end of the coluniella, which will come up for considera- 
tion in its place. With the exception of the fenestra ovalis, 
there is no interruption in the cartilage of the outer wall of the 
otic capsule. The facial foramen lies immediately in front of 
the fenestra ovalis. A t  the anterior end of the capsule, and on 
the lower floor, is found the entrance of one portion of the audi- 
tory nerve into the labyrinth. Farther back, about opposite 
the fenestra ovalis, there are three openings in the cartilage of 
the mesial wall of the otic capsule. T h e  smaller one, high LIP, 
is for the passage of the ductus endolymphaticus into the brain- 
cavity. A second larger foramen in the cartilage, immediately 
bclow the last mentioned, admits into the labyrinth the branch 
of the auditory nerve going to the sacculus and lagena. This 
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nerve will receive further attention. Immediately behind the 
foramen just considered is a third break in the cartilage, the 
purpose of which I have not been able to determine. I t  pos- 
sibly gives passage to some of the lymph sinuses. 
In  sections made previously to decalcification, there are seen 
abundant otolithic deposits. 
In front of the otic capsules, the trabecular walls are low and 
slope gently downward and inward. T h e  foramen for the 
branches of the trigeminal nerve is large, and is traversed by 
the long, slender, ascending process of the suspensorium (Figs. 
3 and 4, As.?.), which process passes between the orbito-nasal 
and the other branches of the fifth nerve. Anteriorly to this 
foramen the cranial walls, becoming lower, approach each other 
gradually until they finally meet and coalesce, and thus enclose 
the ovate-acuminate pituitary space. A little further forward, 
the trabeculz again separate into the comua. 
In  the low trabecular wall, just behind the eye, are found two 
foramina. Through the most anterior passes the optic nerve. 
The  posterior possibly admits the passage of the oculo-motor ; 
but this I have not been able to demonstrate. 
In  front of the optic foramen, there is given off from the 
upper border of the trabecular wall a rod of cartilage which 
extends outward and forward to a point just in front of the eye, 
and above the hinder end of the nasal-sac. Here it expands 
into a rudimentary capsule for this organ (Figs. 3 and 4, NaC.'). 
From the point where the above-mentioned rod leaves the 
cranial wall, the trabecula are slender and rod-like, but increase 
somewhat in size to  their coalescence in the ethmoidal region. 
The lateral halves of the ethmoidal cartilage slope downward 
and outward. The  
trabecular cornua arc bilobate, one portion of each (Figs. 3 and 
4, C.t.'), forming a plate that curves outward under the nasal- 
sac ; the other running forward, a t  first a little outward, then 
downward and inward, until it terminates in a point close to 
the base of the ascending process of the premaxilla (Figs. 3 
and 4, Ct.). 
Just below the eye there is a short piece of cartilage that 
stands outward and forward from the trabeculae, to which it is 
joined by means of connective tissue. This is the antorbital 
(Fig. 4, Ant.). Running parallel with the trabecula along its 
There is no trace of a naso-septa1 lamina. 
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outer border, and between the antorbital cartilage and the tri- 
geniinal foramen, is a slender club-shaped tract of cartilage, whose 
position is shown in Fig. 4, Pt. It appears to represent the 
pterygoid cartilage of other Urodeles ; but it has not yet formed 
a connection with the suspensorium. It lies about its own 
diameter outside of the trabecula. 
The  eye is wholly devoid of any cartilaginous capsule. 
Another cartilage that I have sought for with great interest is 
that which appears in the roof of the mouth of the adult, in 
front of and between the anterior ends of the vomers and below 
the palatine process of the premaxilla. Not a trace of this car- 
tilage is seen in any sections that I have examined. 
The  floor of the brain-case just described is concave from side 
to side. Proceeding forward from the foramen magnum, the 
floor, as shown in a longitudinal section along the middle line, 
slopes rapidly down beneath the hind-brain, then horizontally 
forward to the middle of the cerebrum, where the slope is again 
upward. 
Coining to the post-oral structures, we observe first that 
Meckel's cartilage comes forward and meets its platetrope, 
while posteriorly it projects behind the articulation with the 
suspensorium, and gives insertion to the digastric muscle. This 
cartilage is ensheathed by membrane-bones, which will be con- 
sidered further along; but it shows no signs of a deposit of 
calcific matter to form the articular. 
The  suspcnsorium (Fig, 4) is of a quadrate form, is directed 
slightly forward, and in transverse sections is broader below 
than above. I t  articulates with the auditory mass by means of 
the otic process and the pedicle. Starting from the lower end 
and inner border of the suspensorium is the long and slender 
ascending process, which runs upward and forward, and co- 
alesces with the cranial wall a t  the anterior side of the trigemi- 
nal foramen. From the 
hinder border of the suspensorium (Fig. 4) starts out a short 
process which articulates with the columella auris. No ossifica- 
tion has as yet appeared in the suspensorium. 
The  columella is a short rod of cartilage, which, articulating 
with the suspensorium anteriorly, runs backward and coalesces 
with the outer surface of the stapes. I ts  relation to the facial 
nerve will be discussed later. 
I find no trace of a pterygoid process. 
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The hyobranchial apparatus (Figs. 4 and 5 )  consists of the 
hyoid arch and four branchial arches. The hyoid arch presents, 
on each side, a hypohyal and a ceratohyal. The  basihyal has 
not as yet become chondrified. There is a single basi-branchial 
as in the adult. The four branchial arches are much as in the 
mature animal. There is no second ceratobranchial present. 
H ~ ~ l e y  states that there is one present in the adult, but it 
is not represented in Wiedersheini's figure. The  ossification 
connected with the hyobranchial arches will be referred to 
immediately. 
Ossifications. - I t  has been already stated that the exoccipi- 
tals are undergoing ossification. These ectostoses do not meet in 
the lower middle line in front of the foramen magnum. 
The only other ossification of this kind occurs in the first 
branchial arch. A delicate but easily distinguishable layer of 
bone invests the slender portion of the lower end of the carti- 
laginous bar, as shown in Fig. 5. 
The  following parostoses occur in this skull : premaxillary, 
vomers, parasphenoid, frontals, parietals, squamosals, dentaries, 
angulars, and a hyoidean splint. In  my determination of the 
presence ancl the relations of these bones, as well as of the two 
cartilage bones, I have carefully compared them with the ossifi- 
cations found in the skulls of larval Am&sto?i~as. 1 have also, 
in the case of nearly all of them, been able to dissect them out, 
clean them, and apply chemical tests. 
The  premaxillary of the adult is a very remarkable bone ; it 
is no less so in the case of the embryo. In  the adult the lat- 
eral halves are so completely consolidated that no evidence is 
afforded by them that they ever have been distinct. It is com- 
posed of two alveolar processes : an ascending process, which 
runs backward between the nasals and the frontals to a point 
a little behind the line joining the anterior borders of the 
orbits ; and a palatine process, which appears in the roof of the 
mouth between the vomers nearly as far back as their hinder 
ends and underlying the parasphenoid. I t  appears to be this 
process which has been described by several authors as a sphe- 
noidal ossification. For  nearly half their length anteriorly these 
two processes are connected by a thin plate of bone which 
functions as a nasal septum. Nearly the whole remaining 
space between them is occupied by cartilage. Dr. Wiedersheini 
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(KopfssKcZct dcr UrodcZen) seems to have been the first to de- 
scribe correctly this structure, especially the relation of the 
palatine process to the premaxilla. He endeavors to explain 
this remarkable bone by suggesting that we have in it a coni- 
posite of morphologically different elements. In  the ascending 
and the alveolar portions of the bone there is supposed to be 
the proper premaxillary. In  the osseous nasal septum and pal- 
atine process we have an ectostcal (pc~,ic/la7~2rtl.ostoiisc/l) bone 
formed from the originally hyaline nasal scptum, which bone 
has become confluent with the proper premasillary. The  fact 
that the parasphenoid pushes itself between the ethmoidal car- 
tilage and the posterior end of the palatine process causes Dr. 
Wiedersheini to suggest a doubt as to  the correctness of his 
own theory ; and he says that amid these doubts nothing will 
clear up the difficulty except a knowledge of the embryology 
of this Urodele. 
In  my specimens the premasillary is already well ossified ; 
and there is, even in this early stage, no trace of any original 
separation into two centres. The  alveolar processes are long 
and comparatively strong. Situated on their border is a number 
of teeth, eleven, as I count them, one being accurately in the 
middle line. An  examination of the adult in my possession 
shows that it has the same number and arrangement of the 
teeth. In  the young this median tooth, and one on each side 
of it, are especially large, sharp-pointed, and directed nearly 
backwards. There are long ascending and palatine processes, 
although, as might be expected, they do not extend so far back- 
ward as in the adult. The  palatine process reaches back nearly 
to the point where the trabecular cornua diverge from each 
other. It has no connection with any cartilage, and there is at  
this stage no cartilaginous nasal septum. It seems quite evi- 
dent, therefore, that the premaxillary is not a composite struc- 
ture, but that the palatine process continues to grow backward 
as a membrane-bone until it attains the dimensions that it has 
in the adult. 
As has already been stated, the anterior lobes of the trabec- 
ular cornua, like a divided prenasal process, end in the angle 
between the alveolar and the palatine processes quite close to 
the lower border of the latter, and close to one another. To 
me it now appears quite probable that these cartilages grow 
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downward until they meet below the palatine process and then 
coalesce. Afterward, by the expansion medially of the maxil- 
laries and the vomers, the portion of the cartilage below the 
plane of the vomers becomes cut off from the cornua, and forms 
the unpaired piece that appears so anomalous. But it will 
require older specimens than those in my possession to settle 
this matter fully. 
The  frontals are long, slender splints which first appear, pos- 
teriorly, in those cross-sections which pass through the hinder 
border of the eye. At their hinder ends they are comparatively 
thick, and overlap the parietals. They lie entirely above the 
level of the eyes. A t  the anterior border of the eyes, the 
frontals descend to  near the level of the cartilage overlying 
the nasal-sac, the lower edge lying a little nearer the middle 
line than the upper border of the nasal-sac. They may be 
traced forward as very thin films as far as the perpendicular 
section just in front of the divergence of the trabecular cornua. 
Such sections show the anterior end of the cerebrum, and the 
hinder ends of the two median processes of the premaxilla. (See 
Fig. 6.) This anterior end of the frontal passes forward over 
the olfactory nerve, which is directed laterally into the nasal- 
sac, and the bone may be followed to the anterior border of the 
nerve. Wiedersheim (of. cit., pp. 5 2 - 5 3 )  has shown that the 
anterior end of each frontal forms a sort of ring or ferrule 
(K?zoche?zzwi;zgc) around the olfactory nerve, and through which 
this nerve makes its exit from the brain-cavity. According to 
his descriptions, there is a flat process of bone sent clown from 
the frontal on the outside of the nerve; then in front of this 
outer process a similar one descends on the inner side of the 
nerve; then the two are united under the nerve. Already in 
my specimens the frontal has come into close relations with 
the nerve, but has not yet enclosed it by means of its processes. 
The  parietal extends from the perpendicular sections through 
the hinder border of the suspensorium forward to that passing 
through the anterior border of the lens. I t  is better developed 
than the frontals. I ts  lower border lies upon the upper border 
of the auditory capsule and trabecula to the eye, where it rises 
somewhat above the cartilage. In  the latter region also it lies 
somewhat below the hinder end of the frontals. 
Neither the frontals nor the parietals, along their inner or 
upper borders, approach at  all near the middle line. 
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The vomers, or vomero-palatines, are present as a pair of 
thin, narrow splints, which extend from the middle of the sub- 
nasal bands of cartilage backward almost to  the antorbital carti- 
lages. They lie parallel with the trabeculre and a little outside 
of them. Each is accompanied by a row of c!ental papilk,  iive 
or six in number. These lie a little to  the mesial side of the 
bone. Some of the  papillrc are already undergoing cnlcification. 
There are no deposits of bone to represent tlic maxillae ; but 
two rows of tooth-papillre, five or six in each, which extend 
backward froni the hinder ends of the alveolar processes of the 
premaxillx, show where these masillre will soon appcar. 
No bony pterygoids, prefrontnls, or nasals are yet to be seen. 
The  parasphenoid is a broad but very thin and c!c!icnte film 
of bone underlying the brain from just in front of the foranien 
magnum forward nearly to the coalescence of the trabeculx, 
and passing laterally from one trabecula to the other. 
The  squamosal is a curvecl boiie that overlies the suspenso- 
rium and runs upward and backwarcl upon the otic capsulc. 
I ts  lower border is applied closely to  thc columella along the 
anterior half of the latter. 
The  lower jaw is furnished with two strongly deveiopecl bones. 
One of these is the dentary. I t  meets its fellow i n  front to 
form a symphysis, and extends bacl;\vartl on the outer side of 
Meckel’s cartilage nearly to the nrticulatioii with the suspenso- 
rium. Arranged along ench dentnry are about fifteen teeth, 
only the anterior one of which is niichylosed to the bone. This 
tooth and the one immediately following it are large and fang- 
like, and correspond in that respect to the large teeth of the  
premaxillary. 
The  second bone of the niancliblc, the angular, lying along 
the inside of the cartilage, cstcncls from the angle of the man- 
dible half way to the symphysis. 
There is no trncc of a splenial bone, and none of an articular. 
As before stated, there is a parostosis connected with the 
ceratohyal. I t  lies along the inner and iower side of the carti- 
lage, running nearly the whole lciigth of thc latter. This slender 
splinter of bone I have repeatedly been able to dissect off; and 
having under a covcr-glass treated it with hydrochloric acid, 
have obtained satisfactory effervescence. LVieclersheim (op. d., 
Tafel I., Fig. S) represents the ceratohyal as having a strip of 
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bone running its length; and an examination of the adult a t  
hand shows that the cartilage is only partly ensheathed by bone. 
T h e  lower end of the first branchial arch is meanwhile under- 
going ossification of a different kind, being overlaid, as before 
mentioned, with bone deposited cctosteally. 
To the foregoing on the cartilaginous and bony skull, I make 
the following notes on other structures belonging to the head : - 
The  common ganglion of the facial and auditory nerves lies 
wedged in between the otic capsule and the outer bar of the 
basicranial cartilage. It givcs origin, as usual, to  the facial 
nerve, which runs outward to escape by the facial foramen, and 
to the auditory, which enters and supplies the anterior portions 
of the labyrinth. Further back the ganglion, or what appears 
to be a portion of it, seems to  be crowded through the mesial 
wall of the capsule so as to appear to lie partly within the cap- 
sule. Here it lies in close relation with the mesial wall of the 
sacculus, to which it distributes nerve-fibres, as it does also 
probably to the rudimentary cochlea. This branching of the 
auditory nerve before it enters the capsule I have observed also 
in Amb&sfoma and Speleipes. T h e  acoustic nerve in the frog 
enters the labyrinth by two or more foramina (Owen, Amzt. 
YEY~., Vol. I, 312). 
The facial nerve, after emerging from the cranial cavity, 
courses outward and passes below the columella. My sections 
show this plainly. Dr. Wiedersheini undoubtedly errs when he 
announces (op. cit., p. 137) the rule that the facial nerve in all 
Urodeles, without exception, makes its way out over the suspen- 
sorio-stapedial ligament, whether this consists of fibrous tissue 
or cartilage. And unless the rclation of the facial nerve to the 
columella in fi!e7~0~0?no is variable, it, too, offers an exception 
to his rule, despite the figures which he gives to illustrate these 
parts (Kopfsskclct, etc., Fig. 24). Messrs. Parker and Rettany 
(MoqV~olo~y of the S k d ,  p. 132) state that the cartilage pass- 
ing between the stapes and the suspensorium lies OVCY the facial 
nerve, and a dissection made by myself is confirmatory of this 
statement. 
Mention has already been made of the foramen of the ductus 
endolymphaticus. This latter is a narrow tube which enters the 
brain-cavity, having taken its origin in the sacculus. O n  the 
upper and outer surface of the brain it expands into a saccus 
endolymphaticus of considerable size ; but those of the opposite 
sides do not come into contact. 
Each 
consists of a single duct, which opcns into the floor of the cor- 
responding nasal-sac and passes directly inward so as to lie 
finally upon the outer edge of the anterior end uf the ethnioidal 
platc. Here it divides into two tubes, which limy be traced for 
a short distance backward along the inner side of the nasal-sac. 
There are a t  this stage rudiments of two nasal glands. 
The  vcrtcbrx arc undergoing ossification, and this is more 
advanced in the  anterior, than in those of the pelvic, region. 
The  bodies cf the vertebrre are invested with ;I layer of bone 
which closely surrounds the notochord. Toward the eiids of 
the vertebra the bony sheath expands a little, so that the verte- 
bral body is somewhat hour-glass shaped. There is in the 
centre of each vertebral body a portion of vertebral cartilage, as 
represented by Dr. Wiedersheim in his Compnttive Aizatuwy as 
bclonging to the vertebra of Gyrinojhil~is porp/yriticzcs. Out- 
side the notochordal sheath, at  the ends of each vertebra, is a 
ring of much-modified intervertebral cartilage. The cartilagi- 
nous arches of the vertebrz come down Lipon the bony sheath 
of the ccntra, and the bone rises up from the centra upon these 
archcs two-thirds the distance to their upper ends. 
Above the base of each lateral 
half of s:)nie of thc anterior vcrtcbral arches there stands out a 
process to which the future rib will possibly be attached. 
Therc are no traces of ribs. 
111. THE APPENDAGES. 
The  shoulder girdle consists of two lateral masses of carti- 
lage, in each of which may be distinguished a scapula, a cora- 
coid, and a precoracoid. The  scapula is slender, and is directed 
downward and forward. Thc  precoracoid is somewhat longer 
than the coracoid. Both are considerably broader than the 
scapula. They are widely removed from each other in the 
middle line below. 
The  humerus has its shaft ensheathed in a thin layer of bone. 
There is no suggestion of a sternum. 
24 HAY. [VOL. IV. 
The ulna and radius, carpal, metacarpal, and phalangeal ele- 
ments are present in cartilage. 
The  pelvic girdle consists of a plate of imperfectly differen- 
tiated cartilage on each side, which has no connection with the 
vertebral coluinn above nor with its fellow below. Femur, 
tibia, and fibula are present in cartilage, as well as some portions 
of the foot. 
Since the above was written, I have received from the collec- 
tions of the United States National Museum a specimen of 
A ~ ~ ~ f j L i i i ~ i n  s x ches long, one of the smallest in the collection. 
This has been secured in the hope that it might throw some 
light on the origin of certain structures which had not yet made 
their appearance in the very young, and might furnish, in the 
case of other structures, stages intermediate in development 
between those of the already described larva and those of the 
adult. Of such structures the most interesting, perhaps, are 
the unpaired piece of cartilage which is found in the roof of the 
mouth, and the various portions of the premaxillary bone. The 
specimen has been decalcified, stained, cut, and mounted seri- 
ally; and such results as I have been able to obtain arc now 
presented. 
As might have been anticipated, this specimen is already too 
far advanced in development to be of the highest value for the 
solution of the problems before us. The  skull is neirly as 
thoroughly ossified as it is in the adult. Nevertheless, the prep- 
aration is, I think, a very instructivc one. 
An examination shows that the cartilage which was found in 
the hinder part of the floor of the brain-case of the unhatched 
larva has been extensively removed, so that there is now none 
of this tissue in the middle line between the ethmoidal plate 
and the narrow basioccipital cartilage. The  base of the skull, 
therefore, as regards thc primordial elements, is much like that 
of Ncctz~v~is, except that such cartilage as remains along the 
borders of the otic capsules is more extensively ossified in the 
Amfhiuiizn. In the region about thc anterior end of the pro- 
otic, where in the larva a band of cartilage is sent from side to 
side, a shelf of bone, now a process of the procitic, extends in- 
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ward from one-third to one-half the distance to the middle line. 
On this shelf is supported the trigeminal and facial nerve 
ganglia. With the central band of cartilage have disappeared 
also all traces of the notochord from the base of the skull. 
Two points, how- 
ever, as Wiedersheim has observed, even in the adult, remain in 
a cartilaginous state, viz. : those to which are articulated the ped- 
icle and the otic process of the suspensorium. A broad band of 
cartilage, running transversely through the otic capsule in the 
region of the fenestra ovalis, separates the prootic from the 
opisthotic. The  latter send inward toward the middle line each 
a process of bone which grows wider as we proceed backward. 
These, however, nowhere come into contact, but are connected 
by a considerable basioccipital cartilage. 
The  foramen magnum is bounded above by the opisthotics, 
which for a short space come into contact in the middle line. 
More anteriorly, beneath the hinder ends of the parietals, the 
opisthotics are separated by a mass of cartilage which may be 
regarded as the supraoccipital. 
In  
this inner wall I find anteriorly a foramen for the branch of the 
auditory nerve, which is distributed to the upper portions of the 
labyrinth. Further back, a much larger branch of the auditory 
nerve enters the labyrinth through about three closely placed 
foramina, and is distributed to the sacculus and probably the 
lagena. On the inner wall of the sacculus, we find a large 
macula, and immediately outside of this a very large otolith. 
(See Fig. 10, Ot.) This otolith reminds us of that of some of 
the fishes. The  opening for the escape of the ductus endolym- 
phaticus is situated at the upper border of the wall immediately 
above the foramina for the saccular branch of the auditory 
nerve. Just behind the last-mentioned foramina is an opening 
in the cartilage, as in the larva, through which I have supposed 
a lymph sinus to pass. This foramen lies just mesiad of the 
lagena. 
The ossification of the trabecula lying mesiad of the prootics 
is carried forwards, anterior of the foramina for the escape of 
the fifth nerve. I t  soon, however, becomes reduced to a mere 
shell of bone surrounding the cartilage. Then begins the orbito- 
sphenoidal bone. This is more or less completely ossified as 
The  prootics are quite thoroughly ossified. 
The  inner wall of the auditory capsule is well ossified. 
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far forward as the section passing through the lens, at which 
point the frontals and the vomero-palatines begin to enter into 
the side walls of the brain-cavity. Contrary to Dr. Wiedersheim's 
statement concerning the orbitosphcnoidal bone in the adult, it 
is in my specimen higher in front than behind. 
Following the trabecular walls forward, we find that before 
the ossifications have disappeared the cartilage has divided 
tself into two bars, an upper and a lower, corresponding to  those 
if the larva, which are designated by i1h.C' and TY. in Figs. 
3 and 4. The lower bar is the continuation of the trabecula. 
Opposite the eye, the upper bar is a very slender rod, which 
does not lie nearly so far to the outside of the middle line as it 
does in the embryo, a circumstance due probably to the narrow- 
ing of the snout. As soon as the nasal-sac is reached, this rod 
expands outward, while its inner edge lies against the descend- 
ing process of the frontal bone. Just where the olfactory nerve 
pierces the frontal, the cartilage again divides into an inner and 
an outer portion. The  inner division runs forward in the angle 
between the facial and thc descending processes of the frontal 
and coalesces with the X of the cartilaginous nasal septum. 
The outer division extends forward over the upper outer side 
of the nasal-sac until opposite the bony internasal septum, where 
its outer edge unites with the cartilage that underlies the nasal- 
sac; its inner edge meanwhile extending inward meets and 
unites with the advancing border of the cartilage that covered 
the inner and upper wall of the nasal-sac. In other words, we 
may say that the nasal-sac is roofed over with a cartilage that 
has in it a large fontanelle, and that this roof mesially coalesces 
with the cartilaginous nasal septum, while externally it coalesces 
with the band of cartilage which expands beneath the nasal-sac. 
Where the internasal septum is formed by the preinaxilla, 
the cartilage is missing on the inner side of the nasal-sac, but 
above, below, and on the outer side, the cartilage is unbroken. 
When the alveolar process of the premaxilla is reached, no 
cartilage is found immediately over i t ;  but on the outside of 
the sac and above it, the cartilage continues to the borders of 
the external nostrils, while just before the nostril is reached, the 
cartilage is expanded so as almost to surround the passage. 
On its lower inner side the nasal cartilage sends a prong into 
the angle between the body and the alveolar process of the 
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premaxillary, as has been shown in the case of the larva. Below 
the premaxillary is found the unpaired piece of cartilage which 
has already been referred to. There is no cartilaginous con- 
nection between it and the processes from the nasal cartilages 
ending in the angle between the body and the alveolar processes 
of the premaxillary. Hence, my theory of the origin of the 
unpaired cartilage is not demonstrated by the specimen in hand. 
I-Iowever, it is not di5provecl ; while the apparently transitional 
character of the intervening tissues is favorable to the opinion 
that the cartilage has but recently unclergone conversion into 
connective tissue. It is greatly to be desired that a specimen 
of this species may soon be obtained of intermediate age, so 
that the origin of this structure may be definitely determined. 
T h e  premaxillary has the same features as that of the adult. 
I can, however, see no grounds for accepting Dr. IL‘iedersheim’s 
view as to  the origin of the median descending plate and the 
palatine process from the interseptal cartilage. There is no- 
where to  be seen such a transition from bone to unossified car- 
tilage as might be expected, were the bone derived from the 
cartilage. The  relations between these portions of the premax- 
illary are no more intimate than is that between these cartilages 
and the  descending processes of the frontals. There is thus no 
sphenoidal ossification in this animal. 
It appears to me that many of the peculiar structures of the 
AmjViizrnan may be explained by considering its habits. I t  is 
eminently a burrowing animal, as has been shown by many 
observers. Such a mode of life would require and, in time, lead 
to the production, probably, of a narrow and pointed snout, 
instead of the rounded snout, so cominon among the Urodeles. 
The  ability to thrust the body rapidly into the earth at  the 
bottoms of rivers and swamps would also call for a solidly con- 
structed cranium; and accordingly, we find the skull of the 
Anzphizlntn as  thoroughly ossified as in the higher members of 
its order. I n  the act of burrowing the premaxillary would be 
especially exposed to pressure, and it would be essential that 
this pressure should be transmitted to and sustained by the 
other bones of the skull. This result is secured in a beautiful 
and effective manner through the structure and connections of 
the premaxillary. Its solidity is, first of all, secured by its 
being composed of but a single piece. A t  the sides its alveolar 
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processes are joined to the strong maxillaries, which, instead of 
being directed widely outward, as in Cryptobranckus, are turned 
backward with their palatine processes lying close to  the long 
and strong vomers. The  latter, in their turn, run far back 
beneath the parasphenoid, and all these bones are firmly bound 
together by connective tissue. On the upper surface of the 
skull, too, the maxillary is closely joined to the nasal, and 
through the prefrontal with the strongly developed frontal. 
This, however, seems not to be enough. The premaxillary has, 
above, a process that extends back between the nasals and ends 
by being wedged in between the frontals for half their length. 
Below, the premaxillary sends backward a similar spine, which 
is firmly bound to the vomers and the parasphenoid. The pre- 
maxillary is further strengthened by having the two backwardly 
directed spines connected at their bases by the plate of bone 
which functions as a partial internasal septum. The whole 
structure of the skull is in strong contrast to that of the skulls 
of Nectzirrrs and Simz, both exclusively swimming animals. 
Reference has already been made to the peculiar structure of 
the anterior ends of the frontals, as these have been described 
by Dr. Wiedersheim. My observations on my largest specimen 
do not wholly confirm his descriptions. I do not find that the 
frontal forms anything that can properly be called a ring or 
ferrule around the escaping olfactory nerve. That the olfactory 
nerve does leave the brain-case through the frontal is very true. 
What I do find is this: the anterior ends of the frontals send 
down each a descending process, which at  length touches the 
ethmoidal cartilage. For a space the processes form the side- 
walls of the brain-case, and when they have come into contact, 
they function as a portion of the internasal septum. Where 
they form the walls of the cranium, the olfactory neives of 
course lie mesiad of them. As the processes approach each 
other like the sides of a wedge, the nerves a t  length pierce them 
and enter their respective nasal-sacs. Fig. 7 represents a sec- 
tion made across the head at the point where the nerves are 
either passing or are about to pass through the frontals. On 
the right the olfactory foramen has not yet been reached, though 
the bone is thinning. O n  the other side the nerve is in the act 
of escaping through the process. Fig. 8 shows the condition of 
things only two-thousandths of an inch further forward. Here 
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we find both nerves on the outside of the descending processes, 
and yet these processes have undergone no change, except that 
they have approached each other more closely. These parts 
may undergo some modifications by the time the animal has 
reached adult size, so as to justify the distinguished author’s 
description, and his Fig. 20, Tafel I1 ; but i t  seems more 
probable that he has been misled by not having closely consec- 
utive sections. I‘lrith my sections the thousandth of an inch in 
thickness I have no difficulty in making out the changes in 
position of the processes. I t  would almost appear that in the 
process of lengthening which the snout has undergone the 
orbitosphenoid and the cartilaginous internasal septum have not 
been able to keep pace with the other structures, and that their 
deficiencies have had to be made good in the one region by an 
extraordinary development of the frontals and in the other by 
the production of the perpendicular plate of the premaxillary. 
Dr. Wiedersheini (u). cit., p. I 36) states that “ das cartilagi- 
nose Operculuni zu einem kurzen ebenfalls knorpeligen Stiel 
auswachst,” etc. My specimen, young as it is, tells a different 
story. The  rim of the operculum is wholly cartilaginous ; but 
both the inner and the outer surfaces of the central portion of it 
are converted into bone. The  head of the columella is coossi- 
fied to the centre of the operculum ; but almost immediately 
after it has freed itself, the columellar rod becomes cartilagi- 
nous. The thickened lower border of the squamosal then de- 
scends upon the columella, 2nd is continued upon it to a point 
somewhat in front of the fencstra ovalis. Here this rod once 
more becomes surrounded by bone, which passes forward into 
that of the quadrate. Strz. in Fig. 10 points to  the bone- 
incrusted operculum. From the anterior bony portion of the 
columella a broad process of bone rises up between the squa- 
mosal and the otic capsule ; and this niay be traced backward and 
upward for some distance, until a t  length it ends in a point. 
The  termination of this point may be seen in Fig. 10, C0.p. 
For a part of the way anteriorly this process rises nearly to the 
upper border of the squamosal. Such is seen to be the case in 
Fig. 9, which passes through the foramen for the facial nerve. 
Here the axis of the columella is seen to be cartilaginous, but 
surrounded by bone which passes into a plate lying inside the 
squamosal. We might say, in other words, that the quadrate 
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sends upward and backward a strong process between the 
squamosal and the otic capsule, and that the lower border of 
this involves the greater portion of the columella. As far for- 
ward as tlie quadrate the squamosal rests on the columella, the 
process just mentioned springing from the inner border of the 
columella. 
If we consider horn firmly the quadrate is clamped to the 
skull by inems of the squamosal, how greatly movements of the 
columella must bc restricted by its close connection with the 
squamosal, nnd how the backwardly directed process of the 
quadrate adds to the stability of the parts, we can easily believe 
that the delicate structures of the labyrinth will be but little 
disturbed by movements, even the most violent, of the jaws. 
Since the - - l u ~ ~ k i w z a ,  as has been shown both by the observa- 
tions of 1)r. Shufeldt (Scicizce, Vol. 11, 163) and myself, attacks 
its enemies with great vigor, seizing thein between its jaws and 
turning about its long axis like a drill or whirling around in a 
spiral, it would appear necessary to protect the delicate organ 
of the ear from such agitation as might during such conflicts be 
imparted to it through the columella. 
The  facial nerve is plainly seen to escape beneath the col- 
umella. 
The principal part of tlie ossification of the quadrate is found 
on the outer surface of the cartilage. It is overlapped by the 
squamosal, and along its outer border sends out a ledge which 
supports this bone. The  remarkable process sent backward by 
the quadrate has already been mentioned. It may be called the 
coluinellar process of the quadrate. 
The  pterygoid cartilage, which in the larva consisted of a 
slender rod unconnected with the suspensorium, has now joined 
the lowcr border of the ascending process about one-third of the  
distance back of where thc latter unites with the trabecular car- 
tilage. The  pterygoid bone is present as a very thin and 
slender splint, which posteriorly forms a suture with the inner 
side of the quadrate, and runs forward beneath first the ascend- 
ing process of the susperisoriuni and then the proper pterygoid. 
Posteriorly the groove for the temporal muscle and tendon is 
along the lower border of the parietal bone. W i c n  the prootic 
bone is reached, the parietal overlaps it. Farther forward the 
two bones form a harmonia suture. Near the anterior end of 
This relation is shown in Fig. 9. 
This is shown in Fig. 10, VII. 
3' 
the labyrinth the prootic rises so as to overlap the parietal, and 
at length it alone forms the outer wall of the groove. This pro- 
cess of the prootic continues thus to its termination a t  the very 
tip of the beak-like process of the parietal, which 'I\:iedcrsheini 
has figured on Tafel 11, Fig. 17. 
The  antorbital is almost entirely cartilaginous, but posteriorly 
coalesces with the ossification of the orbitosphenoiti. 
I find no cartilage strengthening the capsule of the eye. 
While such a support seems usually to be present in the eye of 
the Urodela, I find none in that of SfeZefpes longi1.nu~fu.r. The 
integument passes over the eye of Amfhinmz, and the connec- 
tive layer is very dense and thick. The animal prolnhly enjoys 
very limited powers of vision. 
I n  the lower jaw we find the articular undergoing ossifica- 
t ion; but this seems to be due rather to an extension of the 
bone of the angular first around, and then into, the territory of 
the articular, than to an independent centre. 
As already observed in the case of the larva, .the Iossification 
of the hyoid seems to be rather a parostosis than n cartilage bone. 
T h e  bone lies on the mesial side of the cartilage. -At the ante- 
rior end of the hyoid, the bone seems almost inimetliatcly to  press 
itself through the cartilage, so that therc is carti!;ixe on both 
sides of the bone. Further back, the bone thickens. hecomes 
crescentic in section, and partially encloses the outci- n i ~ l  main 
portion of the cartilage. In Fig. 9 at Cc.h.0. I hn\,c I-rpresentecl 
the section and position of this bony portion of thc iiyoid. The  
letters Ce.It.6. point to the portions of the carti!agt!. These 
relations continue nearly to the upper end of thc hj-oifl, For 
the greater distance, the cartilage on the mesial side is a very 
slender rod, and at  one point it disappears entire?>., but almost 
immediately it comes into view again. As there is no  trace of 
this inner rod of cartilage in the larva, it must grow from the 
extremities of the outer cartilaginous rod. Near the posterior 
end of the hyoid, the two portions of the cartilage reunite into 
one mass. 
About the ends of the hypohyal are located several nodules 
of cartilage, which probably represent the basihyal. Dr. Wiecler- 
sheim has figured these as he has observed them i n  t h e  adult. 
The first 
branchial arch is ossified from end to end. Here, as i n  the case 
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A large portion of the basibranchial is ossified. 
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of the basibranchial, the calcific deposit forms a shell surround- 
ing the rod of cartilage, but the deposit is also invading the 
cartilage extensively. 
For the opportunity of making my investigations on this 
extremely interesting animal, I am indebted to Dr. John C. 
Branner, Director of the Arkansas Geological Survey, and to 
the liberality of the management of the National Museum. 
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EXPLANATION OF LETTERS USED I N  THE FIGURES. 
Ant. Antorbital. 
As#. Ascending process of suspenso- 
Bbr. Basibranchial. 
B.c. 
BY. 11, 111, IV. Branchial arches. 
rium. 
Middle strip of basicranial carti- 
lage. 
BV. 
Ce.br. 
CeA. 
Ce.h.c. 
Ce.lr.0. 
co * 
cortd. 
coq. 
C.t. 
C. c. ' 
0.p. 
Etlr. 
Fr. 
I. 
Brain. [ Rhinencephalon.] 
Ceratobranchial. 
Ceratohyal. 
Ceratohyal cartilage. 
Ceratohyal ossification. 
Columella. 
Condyle. 
Columellar process of quadrate. 
Cornu trabecuk, anterior lobe. 
Cornu trabeculrr, lobe beneath 
nasal-sac. 
Dental papilk. 
Ethmoidal cartilage. 
Frontal bone. 
Olfactory nerve. 
Optic foramen. 
TI. Oculomotor (?) foramen. 
Wa. 
Va.c. 
V2.S. 
VOt. 
9t. 
?a. 
Pnis.a. 
Pmx.n. 
F47ZX.p. 
Pr$ 
pro. 
PS. 
?t. 
S.C. 
V. 
%* 
im. 
vrrr. 
VIZI.' 
vo . 
X .  
. _  
Maxillary bone. 
Cartilage roofing nasal-sac. 
Nasal-sac. 
Xotochord. 
Otolith. 
Parietal. 
Alveolar processof premaxillary. 
Ascending process of premaxil- 
Palatine process of premaxillary. 
Prefrontal. 
Proiitic. 
Parasphenoid. 
Pterygoid. 
Semicircular canal, 
Squamosal. 
Fifth nerve and foramen. 
Facial nerve and foramen. 
Auditory nerve. 
Saccular branch of VIII nerve. 
Vomers. 
Foramen for vagus nerve. 
lary. 
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ESPLANATION OF PLATE 11. 
FIG. I.  View of two eggs, containing young and showing the connecting cords. 
FIG. 2. View of the young taken from the egg, and enlarged to twice the natural 
size. 
FIG.  3. View of the cartilaginous skull of the larva, as seen from above. Enlarged 
10 diameters. 
FIG. 4. Same skull seen from side. Enlarged as Fig. 3. 
FIG. 5.  Ilyobranchial apparatus. Enlarged 10 diameters. 
FIG. 6. Transverse section across the snout of the larva. 
FIG. 7.  Section across the snout of the larger specimen, six inches long. 
Enlarged 56 diameters. 
This is 
designed to show the relations of the descending processes of the frontal bone to the 
olfactory nerves. The nerve is seen, on the left side, passing through the descending 
process. o n e  branch is passing outward to the malls of the olfactory organ. The 
section is cut somewhat obliquely, so that on the right side the olfactory nerve yet 
lies mesiad of thc descending process. 
Both nerves 
have passed through the frontals, hut the processes continue on with little change. 
Enlarged 32 diameters. 
Passes through the 
foramen for the facial nerve. This figure illustrates the ossification of the columella, 
antl the broad process of bone that arises from it antl passes up between the squa- 
mosal and the proiitic. The ceratohyal ossification lying between the two portions of 
cartiiage is seen, as well as the ossification ol the first ceratobranchial. Increased 32 
diamcters. 
FIG. 10. Section through same skull and with the same enlargement. I t  passes 
through the aiiterior edge of thc stapes. Shows nore  especially the columella, car- 
tilaginous at this point, the facial nerve passing below it, the posterior extremity of 
the coluinellar process of the quadrate, and the passage of a portion of the saccular 
branch of the eighth nerve into the labyrinth, and the large otolith. 
Figs. 5, 6, 7. 8, 9, and 10 were outlined undcr the camera and the details fillecl 
in from the slide under higher power. Figs. 3 antl 4 were partly drawn under the 
camera and partly reconstructed from the sections. 
Enlarged jz diameters. 
FIG. 8. Section taken T&fi of an inch anterior to the preceding. 
FIG. 9. Section across head of same i!itlividual as the last. 

